Abstract -Aims: The aim of the study was to examine the association between social background and drunken driving. Methods: A Finnish register on suspected drunken driving was combined with data on social background. There were 81,125 drivers arrested for drunken driving and 86,279 references from 1993 to 2007. Results: A low level of education, unemployment, living alone and divorce were strongly associated with drunken driving. In addition, for persons aged 15-24 years, low parental education and income, high own income and possession of a car correlated with higher odds of drunken driving. For working-aged men and women, low income was associated with a higher risk of drunken driving. For working-aged women, also possession of a car was a risk factor. Conclusions: Social factors are associated with drunken driving. In general, people with a lower social position are more prone to drive after drinking. Social differences are visible already in youth, whereas working and own income of young persons signal different risk mechanisms for youth than for working-aged people. Measures for preventing drunken driving are needed within public health policies.
INTRODUCTION
Drunken driving is a significant risk in road traffic. Drunk drivers are more likely to cause fatal accidents and injuries than other drivers (Hingson and Winter, 2003; Ogden and Moskowitz, 2004) . Driving under the influence of alcohol or drugs (DUI) is not just a risk for other people, as the offenders suffer negative health and social effects themselves as well. Several studies have found a high mortality among DUI offenders Skurtveit et al., 2002; Hausken et al., 2005; Karjalainen et al., 2009; Impinen et al., 2010) . Causes of death that are especially associated with abuse of alcohol are more prevalent among the DUI population (Mann et al., 1993; Impinen et al., 2010) .
Studies link alcohol use and abuse to social factors such as low socio-economic status, neighbourhood poverty or deprivation, unemployment and family structure (Galea et al., 2004) . In a Finnish nationwide survey, study on young adults substance use and dependence was linked with unemployment and low education (Suvisaari et al., 2009) . However, it has also been suggested that other environmental social factors, even more than the family, may affect alcohol use in adolescence (Richter et al., 2006; Helm et al., 2010) . In a cross-national survey of youth drunkenness, however, the effects of family affluence and parental occupation were found significant in only some countries. For girls, there was only little support for the effect. For Finland, the study showed that family affluence was not connected to drunkenness in adolescence, but parental occupation did affect drinking (Richter et al., 2006) . Some results have shown no connection between parental social position and excessive alcohol use in adulthood (Huurre et al., 2009) . Drunken driving is affected by social factors, similarly to alcohol use. In register-based studies where all the information is obtained from administrative registers, drunken driving has been linked with low parental education and living conditions (Elonheimo et al., 2010) , poor performance in school (Riala et al., 2003) and single-parent family background (Sauvola et al., 2001) in Finland, and social class of origin and low level of education in a nationwide Swedish study (Vaez and Laflamme, 2005) . Connections between DUI and low education (Baum, 2000; Eensoo et al., 2005) , low income and occupational status (Baum, 2000) have been reported in surveys with self-reported information on social position. Also recidivism of DUI has been associated with occupational status low education and not being married (C' De Baca et al., 2001) . A nationwide register-based study found strong evidence for social factors correlating with DUI of drugs (Karjalainen et al., 2011) .
A drunk driver is not necessarily a problem user of alcohol or a marginalized person. Drunk drivers nevertheless are at higher risk of alcohol abuse. Previous studies show that drunk drivers have health problems that are strongly linked with alcohol use Karjalainen et al., 2009; Impinen et al., 2010) . Knowledge about the social backgrounds of drunk drivers is needed to deal with the public health problem.
The study investigated the social determinants of drunken driving. It was hypothesized that poor social position is associated with higher risk of drunken driving in men and women while the strength of the association may vary by age and sex. For this purpose, a register of DUI arrests was combined with registers of social variables. Extensive register data on drunk drivers linked with various register data enabled us to use a large number of variables in different models, as the data is exceptionally extensive. Such nationwide register-based studies have previously been conducted only in Finland and Sweden.
MATERIAL AND METHODS
The Finnish legislation prohibits the operation of a motor vehicle in road traffic when the driver's blood alcohol concentration (BAC) exceeds 0.05% (=0.5 mg/g). The offence is considered aggravated when the BAC is 0.12% or above (0.15% up to September 1994) . Since 1998, also precision breath testing with limits of 0.22 and 0.53 mg of alcohol in 1 l of exhaled air has been legally binding. The police may perform random road-side alcohol testing from the driver's breath with no particular suspicion. When preliminary testing suggests DUI, a further precision breath test or blood sample is required.
This study is based on the database of all suspected drunken drivers apprehended by the police between 1993 and 2007 in Finland. Information on whether the driver was convicted for DUI was not available. The first suspected drunken driving case of each driver was selected for analysis. The drivers in the study had no previous record of DUI during at least 5 years prior to the arrest. All drivers with a history of suspected DUI of drugs were excluded from the data. Only drivers within motorized road traffic arrests were studied.
Data on the social background of the study subjects were obtained from the employment statistics also maintained by Statistics Finland. This annual statistics covers the population's economic activity and employment. The data include information on the parents' education and income, the subject's own education, marital status, employment status, income, possession of a car and socio-economic status.
The data linking was done by using personal identification codes. To protect the privacy of individuals, the data were anonymized, and a 50% random sample was drawn from the original data of DUI suspects. An additional sample was drawn from the general population, as a reference group for the DUI offenders. The reference population was matched for age and gender. The study design, data collection and linking were approved by the Institutional Review Board of the National Institute of Health and Welfare.
Two age groups were analysed separately: young persons aged 15-24 years, and the economically most active population aged 25-64 years. Information on social variables was from the year prior to the first arrest, as this was considered to precede the DUI offence. Information on socio-economic status (upper white-collar, lower white-collar, blue-collar, farmer and entrepreneur) was not available for each year, so the latest available information prior to the offence was used in these cases. Education was classified by Statistics Finland as high (tertiary), medium (upper secondary/post-secondary non-tertiary) or low (basic or unknown) education. This classification was used for the working-aged population. To study the impact of education, the younger group was divided into three categories: low education and age 20-24; medium or high education and age 20-24 and persons aged 15-19. In this latter group, separation according to education was not possible. Five income categories were established within the age and sex groups for analysis. The people with no income formed one group, and the population with an income was divided into quartiles. Because income is based on tax registers, only the income under taxation was available. Level of urbanization had three levels: urban, semi-urban and rural. Possession of a car is a binary variable, indicating whether a person owns a car or is registered as a main user of a car owned by someone else (e.g. a company).
Logistic regression models were fitted to the data to examine the risk factors for drunken driving. Observed risk is reported as odds ratios (ORs) and their 95% confidence intervals. Single-variable models were used to compute the initial ORs. Variables were entered in the subsequent models one by one in order presented in Tables 2-5. The order of entered variables was determined by the factors' estimated temporal proximity to the arrest, i.e. parental background is the most distant, while possession of a car is considered the most proximate to the incidence (Karjalainen et al., 2011) . The final model was fully adjusted for all variables presented. No interactions between the variables were included.
RESULTS
The data included altogether 81,125 people arrested for suspected drunken driving and a reference population of 86,279 people. Of these, 87% of the DUI suspects were males, and 28% were apprehended more than once between 1993 and 2007. One-third of the first-time offenders were between 15 and 24 years of age, and two-thirds were between 25 and 64 years of age. Mean BAC was 0.141% for men and 0.138% for women. Distributions of the social and economic variables are presented separately for both age groups and sexes in Table 1 .
Social determinants of DUI among youth
The ORs for the younger age group are presented in Tables 2 and 3 . The results for univariate models showed that the subjects coming from lower income families had higher ORs for drunken driving. Father's income in lowest quartile had odds 2.2 for men and 2.0 for women. Mother's income in lowest quartile had odds 1.9 for men and 1.7 for women. When model was adjusted for subsequent variables in Models 2-8, the odds of income attenuated, but the association still remained for the two lowest income quartiles in men. Parental education had similar odds for both sexes in the initial models. Low and medium level parental education were associated with higher odds of drunken driving for their offspring. After adjusting for other variables, the ORs attenuated but tended to remain. The father's education had higher odds than the mother's education for both sexes and education levels in the fully adjusted model (men: 1.5; women: 1.6-1.7).
Level of urbanization had some or no effect on the odds of drunken driving for the age group. An urban living environment was associated with a slightly lower odds of drunken driving (men: 0.9; women: 0.7) in the fully adjusted models. The odds were constant throughout the different models.
Education displayed a similar pattern for both sexes. Men aged 20-24 years with no secondary education had the highest ORs (men: 2.4, for women 2.4). When labour market status and income were adjusted for, the odds for education became higher for women (3.3). Those with a low education committed more drunken driving offences after 20 years of age than others with the same income level.
Unemployment correlated strongly with the odds of drunken driving. Long-term unemployment (>12 months for the past 2 years) was more harmful (men: 2.8; women: 4.8) than shorter unemployment in the univariate model. Being a student meant lower odds for drunken driving for men (0.8). In the univariate model, being a conscript in the defence Highest quartile  18  16  20  20  18  29  19  27  Third quartile  18  16  19  19  21  26  21  25  Second quartile  18  18  18  18  27  21  27  20  Lowest quartile  17  17  19  19  31  17  29  18  No income  29  33  24  24  4  7  3  10  Household size  Living with others  86  91  77  88  70  81  78  86  Living alone  12  8  22  11  27  17  21  13  Missing  2  1  1  1  3  2  1  1  Marital status  Married  1  2  3  10  38  56  37  60  Single  99  98  95  90  38  34  28  26  Divorced  0  0  1  0  22  9  30  12 Continued forces was connected with less drunken driving (0.7). When income was adjusted for, the conscripts showed elevated odds (1.3) for drunken driving. Low odds were therefore a consequence of low income. Being outside the work force for other reasons also was a risk factor (men: 1.5; women: 1.3) after income was adjusted for. The subject's own income had a reverse association with drunken driving compared with the parental income. A higher income was associated with higher odds of drunken driving. There was a gradient by income group, and it was significant for both sexes.
Living alone was a risk factor for drunken driving (men: 1.7; women: 2.1). Being single was associated with higher odds for drunken driving than being married. The odds were higher among women (3.2) than among men (2.2). Divorced persons, however, had the highest odds (men: 6.5; women: 6.9).
Possession of a car was statistically significant for both men (1.9) and women (3.1).
Social determinants of DUI among working-aged people As in the case of young persons, an urban living environment was associated with less drunken driving than a rural environment (Tables 4 and 5 ). The difference was small but statistically significant.
Education had a gradual effect on the odds. A lower education signalled higher odds of drunken driving for both men and women (1.9-2.2). The odds for education attenuated after other variables were adjusted for (1.3-1.9).
Socio-economic position was related to drunken driving among both sexes. In the univariate model, blue-collar workers (men: 2.5; women: 2.9) and entrepreneurs (men: 2.4; women: 2.6) had the highest odds for drunken driving. After adjusting for urbanization and education, the odds for blue-collar workers (men: 1.5; women: 1.6) and entrepreneurs (men: 1.6; women: 1.7) attenuated. In these cases, education explained the high odds. Lower white-collar workers had a higher odds initially (men: 1.5; women: 1.5), but after adjusting for all other variables, the ORs attenuated (men: 1.1; women: 1.1). For farmers, the results were different for the univariate model (men: 1.3; women: 1.2) and the fully adjusted model (men: 0.9; women: 0.9). Adjusting for education makes the higher odds disappear, and farmers do not commit more drunken driving offences than other people with the same level of education.
Compared with employed people, unemployment had the highest odds for drunken driving. For people with long-term unemployment, the odds were the highest initially (men: 3.3; women: 3.8). When model was adjusted for subsequent factors (Models 5-6), especially income, long-term unemployment did not differ from short-term unemployment. Unlike in the young age group, work disability pension correlated with elevated odds of drunken driving (men: 1.2 women: 1.3). Other types of pensions and being outside the work force for other reasons meant higher odds of drunken driving for men, but not for women.
The income of working-aged people functioned differently than the income of young persons. The ORs of drunken driving had a gradient with lower income showing higher odds; the ORs for the lowest income quartile were 3.0 for men and 2.5 for women. After all adjustments, the two lowest quartiles showed elevated odds of drunken driving, whereas the group with no income showed no difference compared with the two highest quartiles.
Living alone was a risk factor for drunken driving also for people aged 25-64 years. Being single was associated with slightly elevated odds. Being divorced (men: 2.4; women: 2.9) or widowed (men: 1.8; women: 2.2) were associated with higher ORs.
For women, possession of a car had high odds in the univariate model (2.7) as well as in the fully adjusted model (2.5), but among men the association was negligible.
DISCUSSION

Main results
The association between social background and drunken driving was studied separately for both sexes and in two age groups. It was assumed that the effect of social background varies between men and women, and between young people and working-aged people. However, the associations were largely similar throughout the age and sex groups. In general, poor social position was associated with a higher probability of drunken driving. Some interesting differences in the associations were nevertheless found.
For all groups observed, low level of education, unemployment, living alone and being divorced had highest odds for drunken driving. Income functioned in different ways in the different age groups. A high income entailed a high risk of drunken driving for young persons. For working-aged people, low income was associated with a higher risk. The result for the working-aged population is in line with other indicators of poor social position. Working at a young age often means early exit from education. Working and a higher income may thus indicate more drinking for young people (Kouvonen and Lintonen, 2002 ). Possession of a car was associated with drunken driving among young persons, as well as working-aged women. For working-aged men, such an association did not exist. A low level of parental education and low Mother parental income of young people also had some correlation with drunken driving. The main findings of a poor social background were expected, as they are in line with earlier studies on social determinants of alcohol abuse and drunken driving. Similar results have been found for drivers arrested for DUI of drugs (Karjalainen et al., 2011) . In Finnish cohort-based studies, a connection between low parental education and crime (including DUI) has already been established for boys (Sourander et al., 2006; Elonheimo et al., 2010) . The association between parental education and drunken driving was now found also for girls. Although some studies indicate that poor parental social factors affect substance abuse (Buu et al., 2009) , a recent nationwide survey of almost 21,000 students in the USA also suggests that there may be more substance use among children coming from a high socio-economic background (Humensky, 2010) . Also a cross-national survey found an association between high parental occupation and a low level of drunkenness for both boys and girls in Finland (Richter et al., 2006) . In our study, however, low parental income was connected to more drunken driving among young people.
Already in the age group of 15-24-year-olds, significant differences were detected between social groups. As parental education, income and socio-economic position are associated with drunken driving, social and economic differences are formed early in life. Unemployment and low education have also been linked with substance use and dependence among 19-34-year-old persons (Suvisaari et al., 2009) .
Despite the efforts and policies to diminish health inequalities between various social groups, the differences persist and have even grown in Finland (Koskinen et al., 2006; Palosuo et al., 2009) . Alcohol use and abuse, binge drinking and alcohol-related problems are known to be linked with socio-economic position (Galea et al., 2004) . The results of this study demonstrate a connection between several socioeconomic factors and drunken driving. Model 1 includes one variable at a time. Models 2-6 include all variables shown in the column. In total, 88,445 people were analysed in Model 6. Bold type indicates statistically significant ORs (P < 0.05). Level of urbanization Rural 1.0 1.0 1.0 1.0 1.0 1.0 Semi-urban 1.0 1.1 1.0 1.0 1.0 1.0 (0.9-1.2) Urban 0.8 0.8 0.9 0.9 0.9 0.9 (0.8-1.0) Education High 1.0 1.0 1.0 1.0 1.0 1.0 Medium 2.0 2.0 1.6 1.5 1.5 1.4 (1.3-1.6) Low 2.1 2.0 2.2 1.9 1.9 1.9 (1.7-2.1) Socio-economic status Upper white-collar 1.0 1.0 1.0 1.0 1.0 Lower white-collar 1.5 1.2 1.1 1.1 1.1 (1.0-1.3) Blue-collar 2.9 1.9 1.7 1.7 1.6 (1.4-1.9) Farmer 1.2 0.8 0.8 0.7 0.9 (0.7-1.2) Enterpreneur 2.6 1.9 1.9 1.8 1. Not necessarily all of the factors discussed here directly expose people to drunken driving. In some cases, the person's social background might rather indicate alcohol use, risk-taking behaviour, or other factors, which in turn worsen his or her social position, leading to sickness or unemployment, for example. Factors such as marital status and employment may play a role through major life events, such as divorce or lay-off from work.
Methodological considerations
The strength of this study lies in the quality of the data with regard to its extent and nationwide coverage. Finnish register data have also been evaluated as a good research tool (Gissler and Haukka, 2004) . The possibility to analyse 50% of all arrested drunk drivers during a 15-year period, with a reference population, makes the statistical inference reliable. The socio-economic data contain a large set of variables which enabled diverse analyses. The case-control study design allows only the study of associations between variables, not causal relations, and this must be kept in mind when interpreting the results.
With regard to indicators, register-based data are more limited than data which are collected specifically for a certain study, because the indicators and time points of data collection cannot be strictly controlled by the researcher. When we consider the nature of drunken driving, only the arrested drivers are known, as the true prevalence and the true socio-economic differences remain hidden.
CONCLUSIONS
Although road safety in Finland has improved, one-fourth of fatal road traffic accidents have involved a drunk driver (Statistics Finland, 2010) . At the same time, DUI offenders have a high mortality rate due also to various other causes, including serious injuries, poisonings and chronic diseases (Karjalainen et al., 2009; Impinen et al., 2010) . Preventing drunken driving by focusing on reducing its causes could improve not only road safety, but also public health by improving the health of this high-risk group.
Social differences obviously remain a big problem in the phenomena of drunken driving. They arise from more prevalent alcohol abuse among less educated, poorer people and those living alone. Thus, the problem is not simply one of traffic control and anti-DUI legislation. Drunken driving and the social differences observed within it should also be seen as a public health problem of alcohol abuse and as a problem of the society's alcohol and social policies. Interventions against DUI behaviour should not concentrate only in prohibiting the driving, but also limiting the substance abuse. Narrowing the socio-economic health differences is now an important goal of the policy programmes in Finland (Government Resolution, 2001 ). As socio-economic differences in drunken driving can already be found in the age group of 15-24 year-old persons, and alcohol-induced disorders are persistent among them, early intervention is of utmost importance for young drunk drivers.
